A series of 5-alkyl/aryl-1,3 4  2 ,2,4,5-dithiadiazarsoles RAs(S 2 N 2 ) (R = Me, Et, were determined.
Introduction
The reaction between Me 3 SiNSNSiMe 3 and MeAsCl 2 leads to the formation of eight-or fivemembered arsenic-sulfur-nitrogen heterocycles. The outcome depends on stoichiometric ratio of the reactants.
1,2 The eight-membered ring can be converted into the five-membered one by reaction with sulfur, though the yield is low (Scheme 1).
1,2
Scheme 1.
While the eight-membered rings were thoroughly investigated, 3, 4, 5, 6 MeAs(S 2 N 2 ) (1) has been the only known five-membered As(S 2 N 2 ) heterocycle for nearly 40 years. It was formed in a low yield as an orange, air-sensitive and volatile liquid and was characterized by 1 H NMR, IR, UV spectroscopies and mass spectrometry.
Nowadays, a methodical research in this area is hindered predominantly by complicated access to what used to be commercially available starting materials. Here we report the synthesis and characterization of a series of 1,3,2,4,5-dithiadiazarsoles RAs(S 2 N 2 ) (R = Me, Et (2), i Pr (3), t Bu (4), Ph (5), Mes (6)). Single crystal X-ray structures of 5 and 6 were determined and reactivity of 5 was briefly studied.
Experimental
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18 13 C NMR spectra were recorded on Jeol GSX spectrometer at 67.9 MHz with  referenced to external tetramethylsilane. All 13 C NMR spectra are proton-decoupled. 14 N NMR spectra were recorded on Bruker Avance II 400 spectrometer at 28.9 MHz with  referenced to external liquid ammonia. Simulations of NMR spectra were performed using WIN-DAISY module in Topspin 2.1 processing software (Bruker). IR spectra were recorded as liquid films between CsI discs or as thin pressed KBr discs on Perkin-Elmer 2000 FT/IR/Raman spectrometer, Raman spectra were recorded in glass capillaries in the range 3500-100 cm -1 using the same spectrometer. Mass spectrometry was (10 mL). The color of the mixture changed from yellow to orange, no heat evolution was observed. The mixture was gently refluxed for 3 hours and after cooling to room temperature was filtered through a sinter. The solvent was removed from the filtrate to leave a dark red oil, which was distilled under vacuum (B14 microdistillation apparatus insulated with glass wool; 0.3 Torr, oil bath temperature 90 ºC). Pure 1 distilled as an orange/brown, air-sensitive, volatile oil and was collected to a flask immersed in a small acetone/dry ice cooling bath to avoid loss of the product to the vacuum line cold (1:4) and was added to a silica column (27×2.5 cm). The same solvent system was used as eluant. The early yellow and orange bands were discarded and the broad red band was collected. The solvents were evaporated to leave 6 as dark red oil, which was evacuated for 1 hour, then was stored under nitrogen and crystallized spontaneously when allowed to stand at room temperature for 2 days. Yield 1.07 g (50 % (Table S1) together with reported volatility and thermal stability of 1 2 encouraged us to use vacuum distillation as means of products separation. Compounds 1 and 2 distilled prior to n Bu 2 SnI 2 . 1 was obtained in good purity, 2 had to be purified by silica column chromatography. On the contrary, 5 and 6 were isolated from the distillation residue after were obtained as dense oils with less intense odor. 5 solidified in a freezer overnight into a non-glassy solid which was recrystallized from the melt. 6 crystallized at room temperature in the course of two days, however, the quality of the crystals was average. Attempted recrystallization from the melt as well as gas phase diffusion of hexane into a CH 2 Cl 2 solution of 6 did not yield well grown single crystals. We can confirm the reported air-sensitivity of 1, however, we experienced only moderate airsensitivity of compounds 2-6. This was exploited also in the preparative procedures, when these compounds were purified by chromatographic methods using not dry solvents. Nevertheless, all the title compounds should be stored under an inert atmosphere. (Table S2) . Thus, the course of the reactions could be easily monitored. A molecule of RAsX 2 has a plane of symmetry and therefore the alkyl-and aryldihalogenoarsines give simple spectra (Table S2 ). The introduction of the (S 2 N 2 ) 2-moiety brings chirality to the molecules of RAs(S 2 N 2 ), which could be observed in the NMR spectra. The 1 H NMR spectrum of 2 showed an ABX 3 spin system consisting of a doublet of doublet (CH 3 group) and a more deshielded complex multiplet (the two inequivalent protons in the CH 2 group) (Figure 1 ). The chemical shifts and coupling constants are given in the experimental section.
Figure 1. Simulated (A) and recorded (B)
1 H NMR spectrum of EtAs(S 2 N 2 ) (2).
3 gave a 1 H NMR spectrum containing two overlapping doublets (two inequivalent CH 3 groups) and a quartet of quartet formed by coupling of the CH signal by the two CH 3 groups. The 13 C NMR spectrum of 3 contained three signals, which is expected for an i Pr group with inequivalent CH 3 groups. In the 1 H NMR spectrum of 6, the presence of a chiral center did not result in anisochronicity of the diastereotopic ortho-Me groups of the mesityl moiety. The spectrum was recorded at both 270 and 500
MHz but all the proton signals appeared as isochronic. Similarly, no anisochronicity was observed in the 13 C NMR of 6.
All dithiadiazarsoles gave 14 N NMR spectra with two well defined peaks. The chemical shift differences () between these two peaks show an increasing trend from 1 to 6, i.e. with growing size of the organic group on arsenic. The  increase in the spectra of 6 with respect to 5 is particularly noteworthy and can be explained by significant structural differences of the two compounds as determined by X-ray analysis. Since arsenic is a main group element and since the 14 N NMR chemical shifts are similar to those measured for Roesky's ketone and sulfoxide, 25, 26 we assigned the lower chemical shift to the arsenic-bound nitrogen and the higher chemical shift to the SNS nitrogen.
Electron impact MS provided high quality spectra, in which molecular peaks could be identified and fragmentation paths followed. The m/z values and their assignments are listed in the experimental section. The mass spectra suggest relatively high stability of the As(S 2 N 2 ) ring, which gave base peaks in the spectra of all the alkyldithiadiazarsoles. 27 The spectra of the aryldithiadiazarsoles 5 and 6 demonstrated the stabilizing effect of the aromatic hydrocarbon on the molecules of 5 and 6: the abundance of the molecular peaks was more than 60% while the abundance of the As(S 2 N 2 ) moiety did not exceed 40%.
Irrespective of the organic residue, the vibrational spectra of the dithiadiazarsoles 1-6 contained peaks at ca 1050, 932, 680, 602, 500 and 365 cm -1 . These peaks were observed in none of the spectra of the starting materials and are most likely due to the As(S 2 N 2 ) ring vibrational modes (Tables S3-S8 25, 26, 29 The As-N stretch gives IR bands around 585 cm -1 and the As-S stretches in cyclic molecules and cages range from 390 to 329 cm -1 . 30, 31 The deformation vibrations of all the above mentioned bonds are scattered over the remaining low-frequency region. However, it should be noted that the entire ring will most probably have its own vibrational motions, similarly to e.g. the phenyl ring.
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The X-ray structure of 5 is displayed on Figure 2 . The central motif of the molecule is the fivemembered As(S 2 N 2 ) ring, which is slightly puckered. The (S 2 N 2 ) and S(2)-As(1)-N(1) planes are inclined by 9.6º. Arsenic is situated approx. 0.246 Å above the least squares plane of the (S 2 N 2 ) moiety and forms the vertex of a trigonal pyramid. The phenyl group is attached to the As atom by an As-C single bond, which is nearly perpendicular to the least squares plane of the As(S 2 N 2 ) ring (the angle is 99.4º). The orientation of the phenyl group is interesting in that it is in a periplanar arrangement with the As(1)-S(2) bond, the dihedral angle between the phenyl ring and the S(2)-As(1)-C(1) plane is only 11.8º. Selected bond lengths and angles are listed in Table 2 . The As(1)-S(2) bond is elongated (2.303(19) Å) with respect to the As-S single bond in As 4 S 4 (2.243 Å mean value). 33 The elongation is, however, not too dramatic. Examples of longer As-S single bonds were reported. 34 Elongation of the bond between the terminal sulfur of the (S 2 N 2 ) moiety and the fifth element bound to this moiety has been observed in other five-membered main group sulfur-nitrogen heterocycles such as Roesky's ketone or Roesky's sulfoxide. 26, 35 Table 2. Selected bond lengths (Å) and angles (º) of 5 and 6 5 6 a for a trigonal planar coordination, which supports the formal Lewis formula of 5. The S(2)-As(1)-N(1) right angle corresponds well with the trend of inverse proportionality between van der Waals' radius of an atom and a bond angle value at this atom in five-membered sulfur-nitrogen rings. 14, 22, 26, 35, 39 The unit cell contains in total two molecules of 5, of which only one forms the asymmetric unit.
The surprising orientation of the phenyl ring seems to be fixed by a system of intra-and intermolecular contacts within the crystal. Figure 3 shows stacking arrangement of the molecules with the S(1B)-S (2) and S(1)-S(2A) distances (3.614(5) Å) being just on the edge of the sum of van der Waals' radii. The molecular structure of 6 differs to that of 5. The As(S 2 N 2 ) ring in 6 is essentially planar and the orientation of the mesityl group also changes -its plane bisects the As(S 2 N 2 ) ring. The two planes are nearly perpendicular. One of the ortho methyl groups is situated directly above the five-membered ring ( Figure 4) . Due to greater steric demand of the mesityl compared to phenyl group, the molecule of 6 is more "open" than that of 5: the mesityl group is bound to arsenic with a wider angle with respect to the least squares plane of the As(S 2 N 2 ) ring (approx. 110º and 111º for the two independent molecules).
Selected bond lengths and angles are listed in Table 2 . The bonding within the molecule can be formally described by a Lewis formula with two double bonds coming from the NSN sulfur atoms. The
As-S, As-N and As-C bonds are single and are slightly longer than those in 5, which can be explained as a consequence of the steric effect of the mesityl group and its better electron-donating ability. The S-N bond lengths can be regarded as intermediate between a single and a double S-N bonds and -electrons delocalization can be expected.
The unit cell contains eight molecules of 6, with two crystallographically independent molecules in the asymmetric unit. The five-membered rings in the asymmetric unit are approx.
coplanar but slipped so that the S(1)-N(1) bond lies over the S(12)-N(12) bond of the second independent molecule ( Figure S2 ). The S(1)-S(12) and N(1)-N(12) distances are 3.713(7) Å and 3.952(8) Å respectively, which is beyond the sum of van der Waals' radii and thus there are no contacts between the two independent molecules. The molecules do not take up a stacking arrangement, presumably since the bulky mesityl group precludes an arrangement in closely packed layers. Similarly to 5, the orientation of the mesityl group seems strongly determined by a number of intra-and intermolecular interactions.
Eight-membered AsSN rings are known to act as ligands coordinated to a metal center via the lone pair of electrons on arsenic. 4, 5, 6 The reactions of 5 with Pt(COD)Cl 2 , Mo(CO) 4 (pip) 2 and Cp 2 Ti(CO) 2 resulted in formation of tarry materials or powders, which could not be worked up towards crystallization. 5 reacted with Cp*Co(CO) 2 to yield a small amount of Cp*Co(S 2 N 2 ) (proved by 1 H and 13 C NMR and MS; see Supporting Information for details). 22 Oxidation and reduction of 5 was investigated by means of cyclic voltammetry, which showed irreversible oxidation (E pa = 1.08 V) and reduction (E pc = -1.71 V) at both slower and faster scan rates ( Figure S3 , Table S9 ).
Summary
The 5-alkyl/aryl-1,3 4  2 ,2,4,5-dithiadiazarsoles 1-6 were prepared by an exchange reaction between RAsX 2 and the universal tin reagent [ n exception of 1 only moderately air-sensitive. The crystal structures of 5 and 6 revealed that the As(S 2 N 2 ) ring is relatively flexible with 5 containing a puckered and 6 a planar As(S 2 N 2 ) ring. A network of intra-and intermolecular interactions fixes the molecular geometries of 5 and 6. Especially the geometry of 5 is interesting with a periplanar arrangement on the As-C bond. 1 H and 13 C NMR spectra of 2 and 3 confirmed the presence of a chiral arsenic center. The constitution of the title compounds was further supported by 14 N NMR, IR and Raman spectroscopies.
The reactivity of compound 5 was investigated. Oxidation and reduction of 5 leads to formation of unstable species and the tendency of 5 to serve as a donor of its lone pair of electrons appears low.
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